Spontaneous insertion of integral membrane proteins across lipid bilayers is unlikely from a thermodynamic point of view (1) . Repulsion of polar fragments prevent their transfer as long as structural disorganization of the lipid matrix is not present, at least transiently (2) . This was associated with a permeabilized state of the membrane (2) . An experimental evaluation of these effects was still missing.
The organization of lipid layers is under the control of the transmembrane potential (3) . It is now well established that electric field-induced transient permeabilization is due to the field-mediated membrane potential difference increase (3) . Permeabilization is observed when this electrical parameter is higher than 200 mV (4) . Electropermeabilization of lipid bilayers has been described both in lipid vesicles (5) (6) (7) (8) and in bilayer lipid membranes (9 -12) . The behavior of lipid vesicles is rather similar to what was observed in cells (13) , i.e. permeabilization was reversible, a fusogenic state was induced (14 -17) , and plasmid transfer was observed (18) . Permeabilization was shown to be a very transient phenomenon in pure lipid systems, while it is long lived in cells (19) . 31 P NMR spectroscopy showed that the polar heads of phospholipid bilayers were transiently tilted during the electric pulse with very fast relaxation (20) . Such tilting was observed in electropermeabilized mammalian cells but with a very long lifetime (21) . The difference in the lifetime of this structural change between pure lipid systems and mammalian cell membranes was due to stabilization of the permeabilized state by the cytoskeleton in viable cells (22) . It is therefore clear that, even if a strong analogy is present in the basic process of electropermeabilization of pure lipid layers and of cell membranes, differences are present, showing that proteins play a role in cells and that electropermeabilization is not just punching "holes" in the lipid matrix. A key step nevertheless affects phospholipids.
Studies have reported the so-called "electroinsertion" of proteins, having a membrane spanning sequence, such as glycophorin and CD4, into eukaryotic cell membranes by exposing the cell suspension to electric field pulses (23) (24) (25) (26) (27) (28) (29) . No spontaneous insertion of glycophorin was observed without the electrical treatment. The insertion took place only in the "electropermeabilized" part of the cell surface (27, 28) . This observation means that the structural modification associated with electropermeabilization has brought the membrane organization to a new state in which spontaneous insertion occurs. Localized perturbation of the polar head group region of phospholipids, which supports the transient permeabilization of lipid bilayers, allows spontaneous trans-insertion of glycophorin across the lipid bilayers in the case of multilamellar vesicles (MLVs) 1 (8) . Lipid aqueous dispersions were introduced by Bangham (30) as pertinent models for biological membranes more than 20 years ago. Over the years, a variety of methods have been developed to form liposomes of different types: small or large, unilamellar or multilamellar (31) . MLVs are probably the easiest liposomes to prepare. Due to their multilayered character, they have rather low capture volumes, exclude solute, and are heterogeneous in size. MLVs are a rather crude model of a cell because they have many closely packed lipid bilayers. Small vesicles obtained by sonication of MLVs are too small to be pertinent models of cells. Dramatic tensions in the membrane are present due to the small diameters. Because liposomes are used as model systems to study basic membrane properties, an ideal liposome must have a homogeneous cell size population * This work was supported in part by a grant from the Ministère de la Recherche (Aspects physicochimiques des membranes biologiques). The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
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§ To whom all correspondence and reprint requests should be addressed. with a single bilayer. Consequently, the ideal liposome is a very large unilamellar vesicle with a diameter larger than 1 m. Several methods for preparation of such liposomes have been reported (31, 32) , yielding either very small liposomes (20 -200 nm) or mixtures of unilamellar and multilamellar liposomes (Յ1 m) (33, 34) , or a few vesicles which are partially or completely filled internally with smaller unilamellar vesicles (14) . Swelling of planar lipid layers spread on glass slides gives giant vesicles but only in pure water (35) .
Recently, a new method has been described to make liposomes of high capture volume from saturated chain lipids under transition temperature (T m ) (36) . These liposomes, termed interdigitation-fusion vesicles (IFVs), arise from an interdigitation-induced fusion of small unilamellar vesicles (SUVs). These liposomes are large and predominately unilamellar vesicles. They can be prepared in ion-containing buffers. IFVs are useful as model systems for drug carriers, since their large internal volume allows for efficient encapsulation (37, 38) . They fulfil the conditions needed to give an optimized system as described above.
In this work, we have studied electropermeabilization and glycophorin A electroinsertion in giant unilamellar lipid systems. IFVs were used to obtain cell-sized liposomes and because the medium can be changed easily. We selected lecithin vesicles made from synthetic, i.e. chemically pure, saturated 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC), which was previously shown to be electropermeabilized when in large unilamellar vesicles (LUVs) (5) . This phospholipid has a phase T m of around 41°C. Glycophorin, which is known to be competent for electroinsertion in mammalian cell membranes and MLVs (8, (27) (28) (29) , was used as a membrane protein model. Its primary structure shows a large glycosylated external domain, then a stretch of hydrophobic amino acids with a transmembraneous helical conformation and a cytoplasmic fragment. Despite its intrinsic character, this protein can be isolated from the membrane without the use of detergent due to its high ionic charge. For that reason, it is very often used in studies on lipid-protein interactions (39) .
This study shows that electropulsation can insert glycophorin into giant unilamellar lipid bilayer vesicles and demonstrates protein electroinsertion in unilamellar lipid systems.
EXPERIMENTAL PROCEDURES
Chemicals-DPPC (reference P5911), calcein (reference C1075), and glycophorin A (reference G5017) were purchased from Sigma. Monoclonal antibody antiglycophorin A (reference 0167) and fluoresceinlabeled goat polyclonal antibody to mouse IgG(H ϩ L)F(abЈ) (reference 0819) were purchased from Immunotech SA (France). All other chemicals and reagents were of analytical grade. Ultrapure water from a Millipore Milli-Q unit (Millipore, France) was used for the preparation of the buffers.
Preparation of Lipid Vesicles-IFVs were prepared as described by Ahl et al. (39) . 10 mg of phospholipids were dissolved in glass redistilled optical grade chloroform and then evaporated under vacuum to complete dryness. 1 ml of 150 mM NaCl, 10 mM Tris-HCl (pH 7.4) was added, and then the hydrated lipid samples were incubated for 10 min in buffer at 55°C, i.e. above the phospholipid T m (41 Ϯ 1°C) to ensure formation of intact vesicles. SUVs were made by sonicating (Vibra cell, Bioblock Scientific) MLV samples above the T m for 3 min, until optically clear. Titanium dust produced by the sonicator tip was removed from the sample by centrifugation (15 min at 1600 ϫ g in a Jouan centrifuge, France). A volume of absolute ethanol was added to bring the final ethanol concentration in the sample to 4 M. The samples were immediately vortexed. This procedure generally quickly transformed the transparent SUV suspension into an extremely viscous, opaque white suspension of interdigitated phospholipid sheets. After the addition of ethanol, the samples were sealed and incubated for 15 min at room temperature, then incubated for 15 min at 55°C, i.e. again above the T m of the lipid. The caps of the sample vials were then loosened to allow ethanol evaporation, and the incubations were continued for another 30 min at the same temperature. After this time, the samples were bubbled above the T m by a gentle stream of N 2 to remove ethanol. Next, they were washed three times with 50 mM NaCl, 10 mM Tris-HCl (pH 7.4) at room temperature by 15-min centrifugations at 12,000 ϫ g using a Sorvall centrifuge equipped with a Sorvall SS34 rotor. The vesicles were stored at 4°C. It was difficult to observe these unilamellar vesicles under a phase contrast microscope, as reported previously (40) .
8-Anilino-1-naphthalenesulfonate Binding-IFVs were mixed with a 10 M 8-anilino-1-naphthalenesulfonate (ANS) solution in 50 mM NaCl, 10 mM Tris-HCl (pH 7.4). Emission was observed at 478 nm with an excitation at 377 nm on a spectrofluorimeter (JY3 Jobin Yvon, France). Binding was monitored at 21°C.
Application of Electric Pulses to the Vesicles-The methods were adapted from those previously described (15) . Electropulsation was operated by use of a CNRS cell electropulsator (Jouan, France). It delivered square-wave pulses whose parameters (voltage, pulse duration, number of pulses, and delays between pulses) were all independently adjustable. Two flat stainless-steel parallel electrodes, with an anode-cathode distance of 1.5 mm connected to the voltage generator, gave a uniform electric field for a 30-l volume. The pulse field intensity kept a constant value during the pulse, whatever the pulsing buffer composition. The voltage pulse applied to the suspension was monitored with an oscilloscope connected to the cell pulsator. The field intensities were those directly observed on the oscilloscope. Due to the associated Joule heating, it was not possible to use pulse intensities higher than 7.5 kV/cm and/or a buffer with a high ionic content.
Determination of Permeabilization-Calcein efflux was used to monitor permeabilization. A similar procedure was used in our previous study with MLVs (8) . IFVs were prepared in a 150 mM NaCl, 10 mM Tris-HCl (pH 7.4) buffer to which calcein (2.5 mM) was added. After IFV formation, external dye was washed out in 50 mM NaCl, 10 mM Tris-HCl (pH 7.4) while internalized dye molecules remained trapped inside the vesicles. Just after application of the pulses, the vesicles were centrifuged for 5 min at 12,000 ϫ g, and the vesicle supernatant (50 l) was diluted in 2 ml of 50 mM NaCl, 10 mM Tris-HCl (pH 7.4) buffer. Fluorescence intensity of the supernatant was measured on a spectrofluorimeter (JY3 Jobin Yvon, France) with exc ϭ 496 nm and em ϭ 520 nm. Permeabilization was quantified through fluorescence intensity.
Determination of Electroinsertion-Glycophorin A is soluble in aqueous solution, perhaps as micelles, after its extraction from red blood cells by a detergent-free method (41). 5 l of glycophorin A, at a 2 mg/ml concentration in Hepes 1 mM, was added to 50 l of IFVs (10 mg/ml). The methods were adapted from those previously described in the case of red blood cells or CHO cells (23, 27) . After 15 min of incubation at 37°C, i.e. below the transition temperature of the lipids, the electrical pulses were applied. Immediately after the pulses, the vesicles were washed three times with Hepes buffer (pH 7.4) by centrifugation at 12,000 ϫ g for 5 min at room temperature. The final pellets were resuspended in 50 l of phosphate-buffered saline (pH 7.4) and incubated at 4°C with 5 l of 0.2 mg/ml anti-human glycophorin monoclonal antibody for 30 min. They were then washed three times with phosphate-buffered saline (pH 7.4) and incubated with 5 l of 1 mg/ml fluorescein-labeled goat polyclonal antibody to mouse IgG(H ϩ L)F(abЈ) 2 at 37°C for 30 additional minutes. The IFVs were finally washed three times in phosphate-buffered saline (pH 7.4). The enhancement of the fluorescent signal was quantified by spectrofluorimetry ( exc ϭ 487 nm and em ϭ 520 nm) on a Jobin Yvon JY3 spectrofluorimeter. Control samples in which vesicles had been subjected to all steps, except electrical pulses, were used as references for each corresponding case. Another control was carried out without fluoresceinlabeled goat polyclonal antibody.
Observation of Electroinsertion-Liposomes were observed under a Leitz Fluovert fluorescence inverted microscope. A 63ϫ oil immersion objective was used to observe the vesicles. The fluorescence emission was detected by a light-intensifying camera (Lhesa, France) associated with a black and white monitor. The video images were digitized. The Optimas software (Imasys, France) was used for image treatment. This software contains the major routines for digital image processing. All images were corrected for background signal and for illumination heterogeneity (42) (43) (44) . This methodology gives access to a true quantitative, highly sensitive observation of electroinsertion.
RESULTS

Theoretical Dependence of Vesicle Electropermeabilization on
Their Size-External fields induce a modulation of the membrane potential difference when applied to vesicles. This field effect ⌬V obeys the classical equation at the steady state (3)
in which f is a shape factor (1.5 in the case of a sphere), g is the associated electrical conductivity of the membrane (here the lipid bilayer); r is the radius of the vesicle; E is the intensity of the applied field, and is the angle between the normal of the membrane and the direction of the field.
Electropermeabilization is triggered locally when the fieldinduced membrane potential difference ⌬V is larger than a critical threshold ⌬V p (4, 5) . Electropermeabilization is then triggered for ϭ 0 (or ⌸), i.e. in the parts of the vesicle facing the electrodes, when ⌬V is the largest at a given field strength. A field threshold E c is then present given by
E c is a function of both ⌬V p and the cell size. ⌬V p is known to be constant for a given system (4). A direct consequence is that larger cells are permeabilized at lower intensities than are smaller cells (45) . The main consequence of electropermeabilization is to permit a free exchange of small molecules and of ions across the plasma membrane. The flow ⌽ (S, t) of exchanged molecules (S, i.e. ions, fluorescent dye) at a delay t after the pulse was described by the mathematical expression (46)
in which P S is the permeability coefficient of S when the membrane is permeabilized. K is a parameter describing the membrane resealing that is a function of the nature of the cell (physiological control), N is the number of pulses, T is the pulse duration. X (N, T) is the probability that permeabilization indeed occurs at a given point in the critical cap of the cell surface where the potential difference is higher than the permeabilizing threshold. It depends on the pulse number and pulse duration. E c is the threshold field and ⌬S (t) is the concentration gradient of S between the internal compartment and the external buffer. The electric field strength controls the geometrical extent of the permeabilization, but the pulse number and duration act as modulating factors affecting the magnitude of the flow, i.e. the membrane perturbation X as well as the lifetime of the phenomenon K
Ϫ1
. Determination of Vesicle Size Distribution-As described under "Experimental Procedures," we used a digitized video microscope where the contrast of the object can be increased. Vesicles appeared to be mostly spherical (Fig. 1A) . Due to the problems of observation, we took into account IFVs only with Permeabilization was assayed by the dye leakage in the external buffer. Calcein fluorescence was observed with an excitation at 496 nm and an emission at 520 nm. Calibration curves showed that the fluorescence intensity was linearly related to the calcein concentration in the range we used. Five pulses were applied at a frequency of 1 Hz with a pulse duration of 7 ms. The inset represents the fluorescent intensity in relation to the reciprocal of electric field intensity. By extrapolating to zero fluorescence, the field intensity E c is equal to 0.14 kV/cm. The correlation coefficient of the straight line was equal to 0.92. diameters larger than 4.5 m. The size values were obtained from direct videomicroscopy observation of the vesicle suspension. 100 vesicles per preparation were observed, and this was repeated four times. This gives the distribution shown in Fig.  1B . The average diameter was 9.3 Ϯ 1.6 m for IFVs. A value of 5 Ϯ 0.5 m was obtained for MLVs in our previous study (8) . But it has to be reemphasized that a large number of smaller vesicles were present in IFV preparations but were not taken into account in this distribution due to the size distribution threshold we selected.
Unilamellarity Determination-As reported under "Experimental Procedures," the difficulty of observing the vesicles under a microscope was a good indication of unilamellarity (40) . To obtain further experimental evidence that the vesicles were unilamellar, the binding of the amphiphilic dye ANS to phospholipid assemblies was studied as reported previously (47) . Fluorescence emission in buffer was negligible. ANS binding to lipid assemblies is associated with a strong increase in its emission. Binding from water to the lipid interface is very fast (48), but despite its amphiphilic character, ANS crosses the lipid layer very slowly. When ANS is added to a lipid dispersion, a very fast increase in emission is then observed followed by a slow increase. The ratio of the amplitudes of the slow to the fast process is indicative of the number of layers in the vesicles. When the ratio is equal to one, the vesicle is unilamellar. In the case of IFVs, an instantaneous fluorescence increase is observed when mixing with ANS solution (Fig. 2) . A slower increase is then present up to a plateau value, which is reached 5 min after mixing (Fig. 2) . The ratio of the amplitudes of the fast to the slow increase is 1. This shows that there are as many binding sites on the outer layer as inside. This conclusion is indicative of the unilamellarity of the IFVs.
Electropermeabilization of DPPC IFVs-Calcein-loaded DPPC liposomes were electropulsed with increasing intensity while keeping a constant pulse duration and number (5 ϫ 7 ms). As described above in the theoretical part of the vesicle electropermeabilization, the use of pulses with long duration gives a high level of leakage and should facilitate the detection of events. Calcein was detected in the supernatant when the field intensity was set at 0.3 kV/cm. Above this critical strength, calcein fluorescence in the supernatant, i.e. the dye leakage, was observed to increase with the field intensity (Fig.  3) . This observation shows that DPPC IFVs are electropermeabilized when pulses higher than a critical intensity are applied. One should notice that the field threshold value is lower than what we previously observed with DPPC MLVs (1.3 kV/ cm) (8) or with DPPC LUVs (5). As we already mentioned, E c depends on cell size, as such larger vesicles are permeabilized at lower intensities than smaller ones. To obtain the critical permeabilizing field for IFVs, we took advantage of one of the consequences of Equation 3. It is clear that the leakage is linearly related to the reciprocal of the field strength. As shown in Fig. 3 , the fluorescence in the supernatant is linearly dependent on the reciprocal of the field strength and can be extrapolated to zero when the field intensity is equal to 0.14 kV/cm. This value is the critical field for the larger vesicles, i.e. E c max .
Glycophorin A Electroinsertion in DPPC IFVs-As observed in the case of red blood cells, CHO cells, and MLVs (8, 23, 27) , stable association of glycophorin with DPPC IFVs was induced by electropulsation of the protein/lipid mixture. This was detected by the immunoassay run on a population described under "Experimental Procedures." The level of immunofluorescence emission was used to detect and to quantify the extent of the association (i.e. the average number of inserted proteins).
A background immunofluorescence signal was present with unpulsed liposomes (Fig. 4) . Indeed, the same background was observed in pulsed or unpulsed liposomes without glycophorin A (data not shown). No further increase was obtained with low field pulses. But when the magnitude of the field was over 0.6 kV/cm, a sharp increase in fluorescence was detected. Increasing field intensity resulted in an increase in fluorescence im- FIG. 6 . Direct observation of pulsed IFVs. Vesicles were pulsed at 1.3 kV/cm, five times with a 7-ms duration and a frequency of 1 Hz in Hepes 1 mM pulsing buffer. Electroinserted and associated glycophorins were detected by an immunoassay (see "Experimental Procedures"). A, fluorescence observation after the same video enhancing as in Fig. 5A . B, line morphometry of the fluorescent images. The direction of the line, a diameter crossing the vesicle, is indicated. Four different directions were chosen. The same video amplification as in Fig. 5B was used, but the image-analyzing software (Optimas) always used the full scale of the ordinates (i.e. fluorescence intensity), which could be different on the different graphs (as indicated on the ordinates). Experiments were observed with 30 vesicles. 90% of the vesicles displayed such a heterogeneous surface immunofluorescence.
munolabeling. At 4 kV/cm its intensity was nearly 3 times the background level.
One should mention that the immunodetection assay is relevant only with epitopes present on the external layers. Glycophorin molecules that are inserted with the glycosylated part inside the IFVs are not detected.
Taking advantage of the high sensitivity of the digitized microscope, insertion was detected at the single vesicle level. Immunolabeling of the liposome periphery was observed (Figs. 5A and 6A) .
Localization of Electroinserted Glycophorin A in IFVs-Direct observation was obtained under the fluorescence microscope. Absorbed glycophorin molecules (i.e. without electropulsation) give a low immunofluorescence background, showing that absorbed glycophorin epitopes remain sensitive to antibodies (Fig. 5A) . The fluorescence line morphometry obtained by digitized video analysis from the immunolabeled unpulsed IFVs shows a low and homogeneous staining on the membrane surface (Fig. 5B) , where the maximum level of emission reaches the intensity of 12. Two peaks of fluorescence emission with the same amplitude are present above the noisy background on the profiles crossing the cell whatever the direction of the diameter (Fig. 5B) . The peaks are located at the membrane level. Homogeneous adsorption is then present on the cell surface.
When glycophorin is electroinserted in IFVs (field strength ϭ 2.6 kV/cm) (Fig. 6) , two peaks are again observed along a transvesicle diameter at the membrane level but with a larger amplitude than with the unpulsed samples, an intensity of 70 being reached in some positions (same amplification). The surface density of insertion is heterogeneous on the vesicle surface. The peaks have the same maximum amplitude only along one given diameter (Figs. 6B and 7 ). An unbalance in immunofluorescence of the opposite sides of the vesicle was detected in all other directions (Figs. 6B and 7) . One should notice that in that case the ratio of the amplitudes of the two peaks was constant whatever the direction. The average amplitudes of the peaks in the pulsed IFVs were about four times higher than in the control liposomes (Figs. 5B and 6B ).
DISCUSSION
Unilamellar lipid giant vesicles can be electropermeabilized and can support glycophorin electroinsertion. The present observations bring new information on the processes affecting lipid layers as well as more complex assemblies as found in cell membranes.
It was previously shown that large lipid vesicles were sensitive to electric field and can be electropermeabilized (49 -51) . Electropermeabilization is shown to be obtained with IFVs in this study. We observed, on Fig. 3 , that the critical permeabilizing field intensity was 0.14 kV/cm for the larger vesicles (radius ϭ 10.4 m). Under the assumption that the DPPC IFV membrane was pure dielectric and because we had observed that the shape was spherical, the f⅐g product in Equation 2 should be set at 1.5. We then noted that the critical voltage difference inducing membrane permeabilization is 210 mV. This value is in agreement with our previous results on DPPC LUVs (5) and on different cell models (4) . The field dependence of the calcein efflux fits the predictions of a model in which a localized permeabilization occurs when the membrane potential difference is brought to a critical value (here 210 mV) (50) . This supports our model in which cell electropermeabilization is triggered in the lipid matrix but is then controlled not only by the lipid assembly but by the intrinsic proteins (46) .
As the associated structural membrane alterations support insertion (8, 27) , spontaneous insertion would occur in the parts of IFVs brought to such an "activated" organization. As the critical field which induced permeabilization is smaller than the one in which insertion is detected (Figs. 3 and 4) , this suggests that either a significant part of the lipid layer must be electropermeabilized to observe inserted glycophorin, or a lack of sensitivity of the immunodetection and/or a limited number of inserted proteins in the case of IFVs. This second explanation is in fair agreement with the failure to detect insertion in the case of fluoresceinated glycophorin (data not shown). Another explanation can be that smaller vesicles, less sensitive to the field for electropulsation as a result of their smaller radius (see Equations 1 and 3), are a better host for insertion than a larger one.
Asymmetry in electropermeabilization (52) and in electroinsertion (27) is observed in cells when a resting potential difference is present. But, as there is no native potential difference in IFVs with respect to the angular interdependence of the induced voltage and the external electric field strength, electropermeabilization and electroinsertion mechanisms in IFVs must be completely symmetric. But a surface asymmetry in immunolabeling is clearly observed in electroinsertion (Fig. 7) . Fig. 6B) . A higher intensity is observed in the parts which were electropermeabilized. But the pattern is asymmetric (all other panels on Fig. 6B ). The population of inserted proteins is higher on the left part of the vesicle (black area) than on the right side (dark gray area). B, control IFVs. The inner double circle is representative of the vesicle permeability state that remains unaffected (light gray area). The outer double circle is representative of the low background level of immunofluorescence (dark gray area). The pattern is uniform (see Fig. 5B ).
The localized pattern of electroinsertion, just after the pulse, was already present in CHO cells (27) . As a large part of the vesicle surface is labeled, insertion does not take place by the microsized holes described by others (50, 51) but reflects the competence for insertion in a larger field dependent part of the IFV bilayer. The local character of glycophorin-IFV association and its long life showed that it cannot be considered as an increased adsorption due to a direct field effect. The electrically induced bilayer modifications are short lived (5, 20, 40) and cannot bear out our observation.
The higher level of electroinsertion on one side of the IFVs as compared with the other cannot be explained without another hypothesis. We showed previously that the number of electroinserted glycophorins was dependent on the bulk concentration of the protein (28) . The asymmetric insertion of the protein in membranes may be due to an electrophoretic accumulation of the protein at the surface of the bilayer during the electropulsation process. Due to the electric charges of the protein, which is negatively charged by the presence of the sialic acid, electrophoretic forces could move the molecules to one surface preferentially. As this mobility depends on the size and on the electric charge, it is greater for the protein than for the vesicle. A local interfacial accumulation of protein is therefore induced by the pulse on one side of the IFV. This electrophoretic accumulation interpretation is partly borne out by the electrotransformation mechanism (53) .
This study gives definitive evidence that electropermeabilization brings the lipid bilayer to a state that is competent for the insertion of proteins which are already folded in the native transmembrane state. This mechanism is different from what is classically proposed in which the final membraneous folding is obtained as a two-stage process (54) . In the present investigation, the protein is already folded in its membrane state before its insertion (55) , and it is the membrane reorganization induced by the field that permits the insertion. A similar process was described for the insertion of Omp monomers by treating lipid vesicles with very small amounts of detergent (56) . Trimerization then took place in the membrane. More recently, it was shown that LacY got transmembraneous folding in solution, being protected either by chaperones like GroEL or by detergents (57), a situation rather similar to that for glycophorin A (58) . Its insertion was due to a membrane destabilization by other chaperones. The folded state of LacY seems not to be a barrier to membrane insertion. This is in conflict with the previously accepted models of protein insertion, which supposed that the polypeptide chain was partially (or completely) unfolded before insertion and the native three-dimensional structure across the membrane occurred only within the membrane (54, 59) .
The molecular characterization of this membrane local destabilization in which a spontaneous insertion of prefolded membrane proteins is still missing. But our results, in which the electropermeabilized lipid layers are competent for such an insertion, are in agreement with the predictions (2). It should be stressed that thermodynamics predict that spontaneous insertion requires a membrane state in which modulation of bilayer organization is present. Such a characterization is open to investigation by taking advantage of the fast reversibility of electropermeabilization of pure lipid vesicles (5, 20, 40) .
